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INVXSTI(MTION OF THE AERODYNAMIC

FORCES ON A WING-MOUNTED EXTERNAL-STORE INSTALLATION ON

THE DOUGUS. D-~fi-11 RESEARCH AIRPLANE

By Clinton T. Johnson

Aerodynamic forces have been determined for an exkrnal-store
installation on the Douglas D-558-II research airplsne. The store-
pylon, pylon-alone, and fin loads were determined during angle-of-attack -
and angle-of-sideslip maneuvers over the ~ch number range frcm O.~0 to
1.03. Wing-psmel loads were determined for both the clesm-wing configu-
rateion and the store configuration.

The side forces acting on the store-pylon indicate a linesr vsria-
tion with sideslip angle, and the resulting forces appesr to be greater
than comparable side forces due to angle of attack. Wing flow-separation
effects at the higher amgles of attack modify the local flow field,
resulting in nonlinesr variations of the forces acting on the store-pylon
‘andpylon-alone.

The addition of the store body causes lsrge increases in the side
forces and moments over the angle-of-attack range, while the norm&L
forces and moments show a similar increase only at the-higher ahgles of
attack. Coincident with the nonlinear variation of forces, an abrupt
movement of the centers of pressure of the additional airload occurs on
the store-pylon configuration.

The individual fins show lsrge differences h load, indicating that
the fin load depends primsrily on the specific location.’ofthe fins on
the store body.

#

The analysis of the aero@mainic loads measured on the wing panel
indicates that the loads and centers of pressure of the additional air-
loads sre generally unaffected by the addition of the lyylonand the
store body.
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INTRODUCTION
.-

For most of the operational aircraft of today the design of
external-store installations has been hampered by the lack of full-
seal.edata covering the factors influencing critical loading on a store.
The difficulties encountered in the calculation of these factors at
transonic speeds have placed a great deal of emphasis on the evaluation
of flight test data in this speed regime.

With the anticipation of future problems in the field of external-
store loads the NACA initiated a research program to investigate the
effects of etiernal.stores on aircraft performance and the interference
effects associated with external-store installations. References 1 to
10 represent a cross section of NACA research employing wind tunnels,
flight tests, smd theoretical approaches to provide basic data relevant
to the external-stores problem. The preseq~ paper is concerned with the
evaluation of the external-store and wing loads on the D-558-II airplane
with pylon-mounted, DA~ (Douglas Aircraft Co., Inc.) shape, 150-gallon
fuel tanks installed at 61-percent semispan. The flight test program
encompassed the ~ch number range from M = O.~0 to M = 1.03 in
maneuvers covering the angle-of-attack and angle-of-sideslip capabilities
of the airplane. The flight program on the D-558-II rese=ch airplane
was carried out at the NACA.HLgh-Speed Flight Station

SYMBOLS

h wing-panel span, ft

%
wing-panel bending-moment coefficient,

c 7. external-store and pylon rolling-moment

at Edwards, Calif.

—
—

.
—

.
—

%

@wbw

coefficient about.
strain-gage station 0.264hs below wing-chord plane,
Mx

q+za

Cm external-store and pylon pitching-moment coefficient about
%strain-gage station at 0.4952s, —
q+z s

C*
F&

external-store and pylon normal-force coefficient,
q~

—

.
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Cn
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Cy

c

FN

Fy

hs

. M

.

wing-psmel normal-force coefficient

external-store and pylon normal-force-coefficient slope,
per degree angle of attack

exkrnal-store and pylon normal-force-coefficient slope,
per degree angle of sideslip

left wing-psmel normal-force-coefficient slope, per degree
angle of attack

external-store and pylon yawing-moment coefficient about
Mz

strain-gage station at 0.4951~, —
q+zs

Fy
external-store and pylon side-force coefficient, —

@l?

etiernal-store and pylon side-fmce-coefficient slope,
per degree angle of attack

external-store and pylon side-force-coefficient slope,
per degree singleof sideslip

wing chord, ft

~-pael mem aerodynamic chord, f%

external-store

external-store

and pylon

and pylon

normal force, lb

side force, lb

store height, distance below wing-chord plane to center
line of store body at pylon strain-gage station, in.

external-store fin shear bad, lb

external-store length, in.

free-stresm Mach nuuiber
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%

% f

MX

My

Mz

wing-panel bending moment, in-lb

external-store fin bending moment, in-lb

external-store and pylon rolling moment about pylon strain-
gage station, in-lb

●

✎

external-store and pylon pitching moment about pylon
strain-gage station, in-lb

external-store and pylon yawing moment about pylon strain-
gage station, in-lb

free-stream dynamic pressure, “lb/sqft

maximum frontal area of store body, 2.4 sq ft

wing-yanel srea, sq ft
●

longitudinal center of pres~e of additional airload on .
external store and pylon due to normal force,

E::’:.!! i ~ ,.

dCm dCN 100, percent of store length aft of
—..—

()Xcp y longitudinal center of’pressure of additional airload on
external store and pylon due to side force,
oj4~5 - (dCn/dCy]
L

100, percent of store length aft of

store nose L

(x~)w left wing-panel longitudinal center of pressure of addi-

(

tional airload, 0.25 - C
%/4~k)~ percent ~

(Ycp) ~ left wing-panel spanwise center of pressure of addftimal F..__

afil~, (%#~), percent:

‘w vertical center of pressure of
external store and pylon due

[
0.264 - Zs/hs(dCz/dCy~ 100,
.-

a airplane @@e of attack, deg’

$ airplane,singleof sideslip, deg

the additional
to side force,
percent hs

airload on

.

-’&mw=’s’--”=uubub
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Airplane and External-Store Arr=gement

The Douglas D-558-II airplane used in this investigation is a swept-
wing resesrch airplane. Photowaphs of the airplane are shown in fig-
ure 1, and a three-view drawing is shown in figure 2. Table I presents
physical characteristics of the airplsme.

The D-558-II airplsme is csxried aloft in a Boeing B-29 airplane
from which it is air-launched, using a rocket engine and a turbojet
engine to accelerate to transonic speeds.

For the current series of tests the D-558-II was flown with two
150-gallon, DAC-shape, external stores. me stores were of 8.57 fine-
ness ratio and were mounted at the 61-percent-semispsn station on 7.5-
percent-thick, sweptforward, symmetrical airfoil pylons. The store and

. pylon dhnensions sre presented in tables II and 111.

The standard fin configuration of the 150-gallon tank
to provide adequate ground clesrance when the D-558-II was
the B-29 mother airplane. The fin configuration consisted
cal fin and two horizont~ fins, as shown in figure 3(a).
were conducted with the stores empty.

INSTWIEWTATION AND ACCUIiACY

Standard NACA recording instruments were installed
following quantities pertinent to this investigation:

to

was modified
mounted in
of one verti-
All flights

measure the

Airspeed and altitude
Angle of attack and sideslip
Normal and transverse acceleration
Pitching, yawing, and rolling velocities and
Control positions

accelerations

Shear, bending moment, and torque of the left wing panel were meas-
ured by strain gages at a root station 3 inches outbosrd of the wing-
fuselage juncture.

The forces ad manents on the left-wing store-pylon combination
were measured by strain gages installed on the pylon adapter unit below

. the wing-pylon attachment point. Fin loads and moments were measured
by strain gages mounted externally at the base of each fin. Figmes 3(a)

.



and 3(b) show the location of the strain-gage stations. The electrical
outputs of the strain-gage bridges were recorded on a multichannel
oscillograph. .—

The results of the static calibration of the strain-gage installa-
tion for measurement of the forces end moments on the store-pylon com-
bination end fins indicate that the following tabulated values are
representative of the accuracy of the flight test data:

FN, Fy,lb. . . . . . . . . . . . . . . . . . . . . . . , . . , . +30

Mx, ~,Mz, in-lb . . . . . . . . . . . . . . . . . . . . . . . .*W

Lf,lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *15

Mbf, in-ill. . . . . . . . . . . . . . . . . . . . . . . . . . ..HQO

The measured forces and moments have been corrected for inertia
effects and, as presented, represent the aerodynamic loads.

The possible error in Mach nmnber is tO.01 at M< 0.80 and
increases to about .@.02 at M - 0.95. The estimated accuracy in normal
and transverse acceleration is on the order of *0.02g. Angle of attack
and angle of sideslip were measured by vanes located on the nose boom
and are not corrected for upwash effects or angulsr velocities.

FLIGHT TESTS

Flight test maneuvers were performed
and 35,000 feet and covered a Mach number
Mach number slightly greater than 1.00.

at altitudes between 25,000
range Nom stall speeds to a

—

The airplsme was tested (1) in the clesm condition, (2) with pylons,
and (3) with external stores attached to the pylons.

To determine the effect of angle of attack on the wing loads and
store-pylon loads, wind-up-turn msmeuvers were performed from trim lift
with gradually ticreasing normal acceleration and angle of attack. The
maneuver was limited by the onset of mild buffet, or normal acceleration
of approximately 3g, whichever occurred first. Tn the transonic speed
range, decreased elevator effectiveness becsme the primary factor limiting
the magnitude of angle of attack obtained. Small sideslip angles of
approximately 1° left were measured in trimmed flight. This sidesllp
remained essentially constant with increasing angle of attack.

To investigate the effect of sideslip on the store-pylon loads,
flight maneuvers were performed which consisted of gradually increasing

.



right and left sideslip angles. The msmeuvers were performed with wings
held level at trim lift coefficient for each Mach nmber tested. The
magnitude of msximum sideslip angle obtained during these mmeuvers
decreased at higher Mach nmbers because of decreasing rudder effective-
ness and increasing directional stability.

All maneuvers were performed by gradually increasing sngle of attack
or sideslip to minimize the effects of angulsr velocities smd accelera-
tions on the loads measurements.

RESULTS AND DISCUSSION

Side-Force Coefficients

Figure 4 shows the variation with angle of attack h angle of
sideslip of the side-force coefficients for the store-pylon and pylon-
alone configurations at several selected Mach nuribersduring angle-of-
attack msneuvers and steady sideslip.

The important characteristic tiediately apparent from this figure
is the large effect on side force that results from the attachment of
the store to the pylon. The side-force variation with either angle of
attack or angle of sideslip is increased 4 to 5 times by the addition
of the store. The lsrge side-force increment in angle-of-attack maneu-
vsrs is attributed to the strong, lift-induced, spanwise flow field
(ref. 7). For the sideslip maneuvers a combination of lift-induced
spanwise flow at trti lift and the flow angularity created by sideslipping
accounts for the lsrge side-force increments.

The side-force-coefficientvariations with angle of attack a?e
linear at the lower angles of attack. The curves show a trend to become
nonlinesr at the higher angles of attack with sane indication of a
decrease h slope, particularly at the lower Mach numbers. The varia-
tions with angle of sideslip are essentially linesr over the range of
sideslip angles investigated.

The occurrence of the nonlinearity in the side-force variation at
the higher singlesof attack correlates approximately with the angle-of-
attack boundary for decreased stability reported previously in reference 1.
Reference 2, which presents the wing pressure distribution for the
D-558-II airplane, indicates that wing flow separation occurs in this
ssme angle-of-attack region. The flow-separation pattern stsrts at the
wing tip and moves progressively inboard with increasing angle of attack.
The onset of wing flow separation would be expected to alter the flow
field near the wing and, therefore, would res-t in the nonlinear side-
force variation with singleof attack shown in figure 4. Wind-tunnel
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data, presented in reference 3 for a store body installed beneath a
swept wing, show the seinetrends presented in this paper.

Norm@l-Force Coefficients

The variation with angle of attack and sideslip of the aerodynamic
normal-force coefficients acting on the store-pylon and pylon-alone com-
binations is presented in figure 7. These data were obtained from the
same maneuvers as were used to derive the side-force data shown in figu-
re 4. Generally, the normal forces measured on the store-pylon and
pylon-alone are lower than the side forces.

.

.—

In the lower angle-of-attack region the normal-force coefficients
for the store-pylon and pylon-alone are essentially linesr with angle
of attack. Throughout this region a slight down-load exists for both
the store-pylon and pylon-alone configuration. At the higher angles
of attack the normal load for the store-pylon configuration changes
rather abru@ly to an up-load, and the pylon-alone configuration exhib-

—
.

its some nonlinear characteristics. me angle of attack for these non-
linearities generally correlates with the onset of flow separation on
the wing, which was discussed eerlier in connection with the side forces. .

It appears that the flow characteristics,which govern the normal forces,
sre considerably modified at the higher angles of attack.

—

The normal-force-coefficientvariations with angle of sideslip are
generally lineer over the angle-of-sideslip range for both configurations.

As right sideslip increases, the down-load on the store-pylon becomes
greater as a result of the increased outward flow around the pylon and ‘-
store.

Mernal-Store-Load Pwameters

Load-curve slopes.- The variations with Mach number of the side-
force-coefficient and normal-force-coefficient slopes are summarized in
figure 6. The slopes were derived from plots similar to those shown
in figures 4 and 5. It should be noted that the slopes were taken only
in the tiitial region of lines load vwiation with singleof attack and

—

over the entire rsnge of sideslip angle.

This figure illustrates the large increase in side force per de~ee
angle of attack or sideslip causedby the addition of the store bdy to
the pylon. For the pylon-alone configuration the effects of amgle of
attack end angle of sldeslip are approximately equal and are essentially . -
constant with Mach number. With the store installed, the side force per
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.
degree sideslip is higher than the side force per degree sngle of attack;
this is particularly noticeable in the subsonic speed regions. At tran-

. sonic speeds some variations with Mach nm.ber sre apparent.

The store-pylon normal-force-coefficient slopes sre generally much
lower in magnitude than the side-force-coefficient slopes. The store-
pylon normal-force-coefficient slopes due to either mgle of attack or
sideslip are approxhately equsl in magnitude at subsonic Mach numbers
and sre essentially constsnt with Mach numiber. The normal-force-
coefficient slopes, derived from angle-of-attack msaeuvers~ indicate a
slight increase in the transonic region, whereas slopes derived from
sideslips remain constant. The pylon-alone normal-force-coefficient
slopes derived from sideslips sre near zero over the Mach nurriberrange.
The angle-of-attack maneuvers produced slightly larger slopes for the
pylon-alone and are a%out the same magnitude as the store-pylon slopes
in the subsonic speed region.

Airload moments snd centers of pressure.- The v=iations of the
store-pylon and pylon-alone moments with their respective forces me
preseni~ in figures 7 to 9. It may be noted that nonlinesr moment -
variations with forces sre appsrent in the data resulting from changes
in angle of attack. These nonltiearities correlate with the nonlinear
vsriation of the respective force coefficients (compue fig. 4(a) with
8(a) and fi@re 5(a) with 9(a)). This chmge in slope also indicates
a rather abrupt movement of the store-pylon load centers, particularly
noticeable in the movement of the longitudinal center of pressure due
to side force (fig. 8(a)). It csn be seen that the variations of moment
coefficients with respect to force coefficients in sideslips sre linesr
over the range of these tests.

Sunmmz’yplots showing the locatim of the center of pressure of the
additional airload of the store-pylon and pylon-alone, obtained by taking
slopes of the data of figures 7 to 9 snd similar variations at other
Mach numbers, sre shown in figure 10.

With the addition of the store body to the pylon a pronounced change
in the location of the vertical.center of pressure is indicated. For
both configurations, sideslip maneuvers position the vertical center of
pressure closer to the wing-chord plane than comparable angle-of-attack
maneuvers. It may be noted, for reference, that the store-pylon juncture
is approximately 60 percent of the store height below the wing-chord
plane.

The longitudinal centers of presswe due to side force sre essen-
tially constant ne= 40 percent of the store length, regardless of Mach
number, angle-of-attack, or sideslip effects.

-
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The longitudinal centers of pressure due to normal force for the
pylon-alone configuration sre constant with Mach number at the 50-
percent store-length position. The addition of the store generally
moves the longitudinal center of pressure to a position rearward of the
store midpoint. AnQe-of-attackm aneuvers show a gradua12y increasing -
reward movement of the center of pressure with increasing Mach number,
while the corresponding sideslip maneuvers show a ~adual forwsrd
movement.

The nobmal force
fins are presented as

External-Store Fin Loads

smd bending moments measured on the left store
variations with angle of attack and sideslip in —

figure 11= Inasmuch as normal forces were not measured on the right
horizontal fin, only bending moments are presented.

The fin-load v=iations indicate that the characteristics are simi-
lar to the store-pylon loads, in that the fin loads exhibit nonlineari-
ties with respect to angle of attack and axe linear with respect to
sideslip angle. It is apparent that the previously discussed flow-
sepsration effects which produce nonuniform flow fields acting on the
store-pylon equally affect the fin loads. A comparison of-the individual
fin loads shows relatively large unsynnnetricalloads. This asymmetry of
load suggests that an individual.fin load is largely influenced by the
orientation of a fin

The aero@mmic
smmnarized in figure

in the local flow field mound the store body.

Wing-Panel Aerodynamic Loads

lods measured at the root of the wing panel me
12 as the variations with Mach nurtiberof lift-

curve slopes and centers of pressure of the additional airload. The
data presented show that the addition of the external store has rela-
tively little effect on the wing-load characteristics. Unpublished
theoretical calculations show that store-interferenceeffects modify
the span-had distribution adjacent to the store location, while the
total load remains practically unchanged. The results presented in
reference 1 indicate that the-
unaffected by the addition of

handling characteristics were relatively
the external stores.

CONCLUSIONS

The results of the flight test investigation of the aerodynamic
loads on an external store and pylon installed on the Douglas D-558-II
research airplane have shown that:

.

.

—

—

,

—

.

.

—
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1. The side forces acting on the store
increasing sideslip angle. .

and pylon vary linearly with

2. The side forces on the store-pylon due to angle of attack were
slightly less than the side force due to sideslip angle.

3. At high angles of attacking flow separation modifies the local
flow field, which results in a nonlinear vsriation of the side forces
and normal forces acting on the store and pylon.

4. The addition of the store body to the pylon causes lsrge increases
in the side forces and moments. The normal forces show a similsr incre-
ment in force acting on the store-pylon at higher angles of attack.

5. Abrupt movements of the centers of pressure of the additional
airload on the store-pylon occur nesr the region of nonlinesr force
variations with angle of attack.

6. The large differences in individual fin loads indicate that the
load on m external-store fin depends primarily on the individual orien- “
tation of the fin on the store body.

7. The wing-panel load psxsmeters were generally unaffectedly the
addition of the external store and pylon.

High-Speed FIQht Station,
National.Advisory Committee for Aeronautics,

Edwards, Calif., Februsry 10, 1958.
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TABLE I.- PEYSICAL CHARACTERISTICS OF THE

wing:

13

DOUGLAS D-558-II NRPLANE

R~ot airfoil section (normal.to 30-percent chord of
unswept panel) . . . . . . . . . . . . . . . . . . . . NACA63-O1O

Tip airfoil section (normal to 30-percent chord of
unswept panel) . . . . . . . . . . . . . . . . . . . . NACA 631-012

Totalsrea, sqft . . . . . . . . . . . . . . . . . . . . . . 175
Spazljft. . . . . . . ● . . . . . . . . . . . . . . . . . . .

Meanaerodynsmic chord, in. . . . . . . . . . . . . . . . . . 87.3:?
Root chord-(parallel to plsne of symmetry), in. . . . . . . . I-08.51
Extended tip chord (parallel to plane of qymmetry), in. . . . 61.18
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . 0.%5
Aspect ratio . . . . . . . .
Sweep at 30-percent chord of
Sweep of leading edge, deg .
Incidence at fuselage center”
Dihedral, deg . . . . . . .
Geometric twist, deg . . . .
Total aileron area (resrwsrd
Aileron travel (each), deg .
Total flap area, sq f% . . .
Flap travel, deg . . . . . .

. . . . . . . . . . . . . . . . .
unswept panel, deg . . . . . . .
. . . . . . . . . . . ..0. . .

line, deg. . . . . . . . . . . .
. . . . . . . . . . . . . . . .*
. . . . . . . . . . . . . . . . .
ofhingeline), sqft . . . . . .
. . . . . . ..0. . . . . . . .
. . . . . . ..*. . . . . . . .
. . . . . . . . . . . . . . . . .

3.570

38%

-;

9.:
*15

12.58
50

Wing panel:
Area, sqft . . . . . . . .
Spsm, ft. . . . . . . . . .
Mean aerodynamic chord, in.

. . . . . . . . . . . . . . . . . 127.6

. . . . . . . . . . . . . . . . . 19.5

. . . . . . . . . . . . . . . . . 81.334

to ~-percent chord of
. . . . . . . . . . . . . . NACA 63-010

Horizontal tail:
Root airfoil section (normal
unswept panel) . . . . . .

Tip airfoil section (normal to 30-percent chord of
unswept panel) . . . . . . . . . . . . . . . . . . . .

Totalarea, sqft . . . . . . . . . . . . . . . . . . .
Span, in. . . . . . . . . . . . . . . . . . . . . . . .
Meanaerodynsmic chord, in. . . . . . . . . . . . . . .
Root chord (partiel to plae of symmetry), in. . . . .
Extended tip chord (parallel to plane of symmetry), in.
Taper ratio . . . . . . . . . . . . . . . . . . . . . .
Aspect ratio. . . . . . . . . . . . . . . . . . . . . .
Sweep at x-percent chord line of unswept panel, deg . .
Dihedral, deg . . . . . . . . . . . . . . . . . . . . .
Elevator srea, sqft. . . . . . . . . . . . . . . . . .
Elevator travel, deg
W*****”*””””*””””” ““”””””””
Down . . . . . . . . . . . . . . . . . . . . . . . . .

NACA 63-010
. . . 39.9
. . . 143.6
. . . 41.75
. . . 53.6
. . . 26.8
. . . 0.50
. . . 3*59
. . . 40
. . .
. . . 9.:

● 0. 25
. . . 15
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TABLE I.- PWSICW CHARACTERISTICS oF TEE DOUGW D-558-II A~ -
.

Concluded .

Vertical tail:
Airfoil section (normal to 30-percent chord of
unswept panel) . . . . . . . . . . . . . . . . . . .

Area, sqti . . . . . . . . . . . . . . . . . . . . .
Height from fuselage center line, in. . . . . . . . .
Root chord (parallel to fuselage center,line), in. . .
Tip chord (parallel to fuselage center line), in. . .
Sweep angle at 30-percent chord of unswept panel, deg
Rudder mea (rearwsrd of hinge line), sq ft . . . . .
Ruddertravel, deg. . . . . . . . . . . . . . . . . .

—

. MCA 63-010

. . . . 36.6

. . . . 98 —

. . . . 146

. . . . , 4L ‘- -

. . . . 49

.**. 6.15

. . . . *25

Fuselage:
Length, ft. . . . . . . . . . . . . . . . . . . . . . . . . ●

Mqximum diameter, in. . . . . . . . . . . . . . . . . . . . . :

Fineness ratio. . . . . . . . . . . . . . . . . . . . . . . . 8.40 .

Speed-retmder area, sqfi . . . . . . . . . . . . . . . . . . 5.25 .

Engines:
.

Turbojet. . . . . . . . . . . . . . . . . . . . . . . . . J-34;WEE4;
Rocket. . . . . . . . . . . . . . . . . . . . . . . . . . - -

Airplane weight, lb:
Full jetsmdrocketfuel. . . . . . . . . . . . . . . . ...15.131
Fulljetfuel . . . . . . . . . . . . . . . . . . . . . . . .11,942

,Nofuel . . . . . . . . . . . . . . . . . . . . . . . . . . .10,382

Center-of-gravity locations, percent mean aerodynamic chord:
Full jet sndrocketfuel(geu up) . . . . . . . . . . . . . . 23.5

Full jetfuel(gearup) . . . . . . . . . . . . . . . . . . . 25.2

Nofuel(gemup) . . . . . . . . . . . . . . . . . . . . . .
Nofuel-(geardown) . . . . . . . . . . . . . . . . . . . . . 26!;

.
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[stationsma radii given in iIlches-J

Statim

Station Radius Stat ion Radius

o 0 109.5 9.91
6 2.75 L19.5 9.23

13.5 5.17 129.5 8.32
23.5 7.23 139.5 ‘_f.2h

33.7 8.54 148.0 6.22
43.5 9.49 153.0

53.5 10.19 158.0 ?:$
63.5 lo.y 163.o 4.25

73.5 10.X 1.68.5 3.50
83.5 lo.~ 172.5 2.93
89.5 lo.~ 176.5 2.17
99.5 10.35 180.0 0

L.E. radiUB: 1.00

T.E. radius: 1.00

4

.E!

I
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.

TABLE III.- C!ROSS-SECTIONALDIMENSI~ OF PYLON

[ 1Stations and ordinates given in inches

=
station

Station Ordinate
~

Station Ordinate

o 0 30.0 2.50

●5 .51 32.5 2.50
1.0 .72 38.5 2.50
2.5 1.U 41.0 2.48
~.o 1.53 43.5 2.42
7.5 1.82 46.0 2.31
10.0 2.04 48.5 2.15
12.5 2.21 51.0 1.94
15.0 2.34 53*5 1.68
17.5 2.43 58.5 ‘ 1.05
20.0 2.98 63.5 .34
22.5 2.50 66.0 0
25.0 2.50
27.5 2.50

L.E. radius: 0.275
T.E. radius: 0.045

.

.

—
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(a) Side view.

Figure 1.- Photo~aphs of the Douglas D-558-11 resench
stoxes.

E-1861

ai.rplaue with DAC 150-gallon external



(b) Rront view.

Figure 1.- Continued.
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E-1859
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(c) Clmeupviewofthe store. E-l&7

Figure 1.- Concluded.
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Figure 2.- General arrangement of the D-558-II

6Lpercent -wing semispan. w

airplane with UjO-gallon stores at the E

dimensions in inches.
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Center
Ilne I

II Ml II

q I.“” \ Wing strain

N~”38.&’
gage station

y....

I

I

v-[

21

Bo

!=27 CenterIheof store
porallelto fueelage

center line

Strain gage station
------

>
I

(EL) ‘lh.ree-viewscale drawing of the external-store installation.

Figure 3.- Detailed drawings of external store and fin. All dhnensions
in inches.
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Strain gage

StatIon

-— .
- — Center

Store station 148.6 Store station [71.0 llne-”

0.75

~-==!trz.. -

(b) Two-view scale drawing of a typical external-store fin.

Figure 3.- Concluded.
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Outboard
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Outboard

Cy
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-1.2

-. 8

-. 4

0

.4

-1.6

M . 0.78

-1.2

-.8
0

0

-.4 L1

..40
4 8 12 16

a, deg

M . O.&

@

..8

0 D

Q

(

-4
p, def 4Right

(a) Subsonic Mach nuuibers.

Figure k.- Vsriation of the external-store snd pylon side-force coeffi-
cient with angle of attack and sideslip for several representative
Mach numbers.
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(b) Transonic Mach numbers.

Figure 4.- Continued.
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Outboard -1,6
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-. 8
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0
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Figure 4.-
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Right

~, deg

Mach numbers.

Concluded.



26 NACA RM I@B24

up .0

.4

0

-.4

M = 0.68

0 store-pylon

❑ Pylon-alone

-.8

up .8.

.4

(

CN O-

-. 4’

T

-.80~
4 8 12 1(

a, deg

(a) Subsonic Mach numbers.

M = 0.66

El

-i (

M = 0.74

-

‘%

4
Right

B, deg

.

.

.

.

Figure 5.- Variation of the external-store and pylon normal-force coef-
ficient with angle of attack emd sideslip for several representative
Mach numbers.
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K = 0.89

I
@ = 0.91
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O Store-pylon

R Pylon-alone

M = 0.95
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80 4 8 12

a, deq

(b) Transonic

Figure 5.-

I

M = 0.84

M= 0.81

Mach numbers.

Continued.
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M= 1.03

.4
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Q Store-pylon

❑ Pylon-
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80 4 8 12

a, deg

(c) supersonic

Figure ~.-

M = 1.03

M. 1.(E

16 -4

Mach numbers.

Concluded.
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dC~/da,
I I

D
-.I ‘~ ~ -----4@

dCy/dfl

E+l-’--- ❑
I I I I I I

-. 2J

.1

dQ/da,

0

dCN/dP

-. I,4

+ wind-UJ turns
--U-- Sidesl.lps

Open E@@s, fltora-pflon
Solid Bymbols, pylon-alone

*

d-----r-m-t-@-- *

~., ,

-. —-- --—-

~-qq- _E!_~-” .

.5 .6 .7 .8 .9 1.0 1.1

M

Figure 6.- Variation with Mach mmiber of the side-force. and norml-

force-load-coefficient slopes.
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.

.

Outboard .08

cl .04

~ M= I.03 O

.AM =0.95 O

0 M=O.89 O

❑ M=O.78 O

0 M= O.68 00

Store-pylon

-.4 -.8 -1.2 -1.6

Cy Outboard

(a) Angle-of-attack maneuvers.

mlon-alone

0 -.4

Cy Outboard

Figure 7.- Vsriation of the store-pylm and pylon-alone rollhg-moment
coefficient with side-force coefficient for several representative
Mach numbers.
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Outboard .04

Cz

A M= I.02 O

A M=O.92 O

OM=O.81 o

❑ M=O.74 o

0 M =0.66 O

-.04

Outboard
Cy

(b) Sideslip maneuvers.

Figure 7.- Concluded.
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Store-pylon
o M.0,68 o

❑ M =(3.78 O

o
a

0 M=(3R9 n A 1.----- --

‘% ~(J,
El 0

a
A M=O.95 O m

mn &

El o

A M=l .03 0
A $

I
)

-.04 ~
%

El

-.08
A

,.

C“ A

A

A

-.16 “ .

Outboard - .20~ I 1 I I
-.4 -.8 -1.2 -1.6

Cy Outboar

(a) Angle-of-attack mmeuver..

NACA RM @B24

.

Pylon-alom
r

o -.4
c y Outboard

Figure 8.- Variation of the store-pylon and pylon-alone yawing-moment
coefficient with side-force coefficient for several representative
Nkch numbers.
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.

.04

0 M=().66 ()

❑ M=O.74 O

0 M=O.81 o

A M=O.92 O

~ M= I.02 O

-.04

Cn

-.08

Outboard -. I 2~

c

Store-Dvlon

Outboard
Cy

(b) Sideslip maneuvers.

Figure 8.- Concluded.
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o M=0068 (J

c1 ‘M=(-J.78 o

0 M=O.89 O

A M=O.95 O

A M= I.03 o

Cm .-l

Nose down -.2 .

Store-pylon

@
n o

El

3 .

I I I 1-

-. 2 0 .2 ●4
up

c~

(a) Angle-of-attack maneuvers.

Pylon-alone

x = o.62-

EI

0

‘d = o.91—

Aw

-. 2 6
Down

c~

Figure 9.- Vsriation of the store-pylon and pylon-alone pitching-moment
‘coefficient with normal-force coefficient for several representative
Mach nwnbers.
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Pylon-alone
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❑ M=O.74 O

OM=O.81 O

A liA=O.92 o

A M=I .02 O

Cm -.I

Store-pylon

Am @&

Nose down --2--4
-. 2 0 .2 .4

up
c~

(b) Sideslip maneuvers.

Figure 9.- Concluded.
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‘Cp

(x~p)y

(Xcp) ~

o

50

I 00

~ Wind-up turns
--G- Sideslips

Opensmbols, store-pylon
solid symbols, pylon-tione

1 -1 ~ (.JVl -- I -1 l-l

.,. .

(a) Vertical center of presmredueto side force.

I00

50

0

(b) Longitudinal center of pressure dueto side force.

I00

I
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I I I I I I (

.5 .6 .7 .8 .9 1.0 1.1
M

(c) Longitudinal center of pressure due to normal force.

Figure 10.- Veriation of the store snd pylon centers of pressure of the
additional airload with Wch number.
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. Figure 11.- Variation of the external-store
angle of attack and sideslip for several

~

fin loads and moments with
representative Mach numbers.
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Figure U..- Continued.
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Figure 12.- Variation of the left wing-panel-load parameters with Mach
nuaiber.
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